Introduction
The discovery of a Higgs boson with a mass around 125 GeV has been reported by the CMS and ATLAS collaborations [1, 2] . The recent updates on the Higgs search show that ∼ 6.6σ excess is observed in h → ZZ decay [3] and the updated mass of the Higgs boson is measured to be 125.5 ± 0.2(stat) +0.5 −0.6 (sys) GeV and 125.7 ± 0.3(stat) ± 0.3(sys) GeV at the ATLAS and CMS, respectively [4] . In addition to the ZZ decay channel, also Higgs decay to two photons gives accurate mass information. The signal significance of the H → γγ mode is 3.2 − 3.9σ in case of CMS [12] whereas for ATLAS it is around 6.1-7.4σ [13] . The Higgs boson decays to the W and Z pairs along with the τ and b pairs are still below 5σ reach. The spin studies in the different Higgs decay channels show that the data strongly favor the spin 0 possibility and exclude the spin 2 hypothesis with a confidence level above 99.9%. However, further studies and data are needed to determine whether the observed spin 0 particle is the Standard Model (SM) Higgs or a non-standard Higgs. Non-standard Higgs structure arises in many extensions of the SM motivated e.g. by the naturalness of the Higgs mass.
Supersymmetric models remain among the best motivated extensions. The constrained minimal supersymmetric model (CMSSM) [6] , includes minimal set of parameters and has a dark matter candidate. Recent studies [7] show that it is difficult to generate a Higgs boson with mass around 125 GeV consistent with all experimental constraints, in particular dark matter relic abundance and muon g − 2 in mSUGRA/CMSSM. In the general MSSM this can be achieved, if mixing between the two stops with masses less than TeV is large or if there is no mixing with very heavy stops, see e.g. [8] . In the large mixing scenario very high tan β and A t of the order of a few TeV are needed. In a study with the recent squark and gluino mass limit from LHC, the possibility of 125 GeV Higgs in various supersymmetric models has been discussed in [9] .
It is well known that any low-energy supersymmetric model must be broken softly in order not to regenerate the quadratic divergences appearing in the SM Higgs sector. In a softly broken supersymmetry (SUSY) theory one introduces soft breaking parameters that may contain complex phases for explicit CP violation. New source of CP violation is crucial since the amount predicted by the SM through the CKM mechanism is not enough to explain the baryon asymmetry of the universe [14] . However, it was shown in Ref. [15] that soft SUSY breaking CP phases generally lead to very large electric dipole moments (EDMs). An unnatural solution to this problem is fine-tuning of parameters that appear in the different sectors of the model. On the other hand, overproduction of CP violation can also be avoided in supersymmetric theories via introducing new singlet or triplet superfield(s) whose scalar component breaks the CP symmetry spontaneously [16, 17] . Spontaneous CP violation (SCPV) is an attractive method since the CP phases are introduced only in the vacuum expectation values (vevs) of neutral Higgs fields so that the number of free CP phases is reduced naturally. It is well known that SCPV is not possible in the MSSM even with the radiative corrections because of the lightest Higgs mass bound [18] . This is why the extended MSSM Higgs sector is indispensable for spontaneously broken CP symmetry. Apart from SCPV, the triplet extended Higgs sector can also generate additional contributions to the lightest Higgs mass so that the excluded parameter region of the third generation squark masses and other soft parameters can be reopened.
An extended supersymmetric standard model containing a triplet with hypercharge Y = 0 or Y = ±2 consists of new neutral Higgs boson(s) in addition to the ones from two Higgs doublets. Introduction of new neutral element with non-zero vev breaks the custodial SU (2) c symmetry of the Higgs sector when the gauge symmetry is broken. As a consequence of SU (2) c breaking, non-zero triplet vev contributes to the tree-level prediction of the electroweak ρ parameter, and the vevs of their neutral members can be arranged in such a way that the custodial SU (2) c symmetry is preserved [19] . We follow the former path where a non zero vev is generated for the neutral triplet field which is strongly constrained by the global fit on ρ parameter measurements [20] .
In this work we consider the triplet extended supersymmetric standard model (TESSM) where we expand the field content of MSSM by adding a new SU(2) triplet chiral superfield with hypercharge Y = 0. The TESSM has been extensively studied in Ref. [21] where all tree level stability conditions of the scalar potential as well as the Higgs mass spectrum have been calculated. It is well known that the new Y = 0 triplet superfield generates additional radiative corrections to the lightest Higgs mass. The calculation of Higgs masses at one loop level have been addressed in Ref. [22, 23] in some specific contexts. In Ref. Higgs. TESSM has also been studied in [24, 25] where in [24] especially the diphoton decay rate of the lightest Higgs and in [25] also other production and decay channels were considered. It was found that the current experimental information can be satisfied, whether the diphoton rate is enhanced or not. In [24, 25] the triplet vev has been ignored and in the Higgs sector only the strong sector corrections and a very heavy triplet are included. In our work we consider the parameter space of the model in more detail than is previously done by including full one-loop corrections, and indeed find that including both strong and electroweak sector is important. We constrain the parameter space by taking into account experimental mass limits and the decay B s → X s γ.
We organize our paper as follows. In Section 2 we review the relevant features of the model we use and discuss the Higgs spectrum of the triplet extended supersymmetric model. We consider the radiative corrections to the neutral Higgs masses from both the strong and the electroweak sectors. In Section 3 we study the parameter space in detail.
We show that it is possible to have a ∼ 125 GeV Higgs in the spectrum without introducing any large mixing in the sfermion sector or very heavy third generation sfermion masses. 
Y = 0 triplet extended Higgs sector
In TESSM, in addition to the MSSM like two Higgs doublets, there is an SU (2) complex Higgs triplet with zero hypercharge which can be represented as a 2x2 matrix
Here ξ 0 is a complex neutral field, while ξ The triplet field Σ couples to the two Higgs doublets by a dimensionless coupling λ, which is a free parameter of the model [21] . Thus the superpotential of the Higgs sector of the model is given by
where µ D is the usual mixing parameter of the two MSSM like Higgses and µ T is the mass parameter of the triplet. The Higgs potential can be calculated by collecting relevant terms from superpotential in Eqn. (2.2), soft breaking terms and the D-terms as follows
where V F and V D are contributions from the F-terms and D-terms, which can be found in Appendix. V S contains the soft-supersymmetry breaking terms:
Here A λ is the soft trilinear parameter, B D and B T are the soft bilinear parameters while 
Thus the triplet vev is strongly constrained by the global fit on the ρ parameter measurement [20] , ρ = 1.0004
which implies v T 3 GeV. We have used v T = 3 GeV in our numerical analysis. be found in Ref. [21] . After the electroweak symmetry breaking, the physical Higgs bosons of the TESSM comprise three CP-even (h, H 1,2 ), two CP-odd (A 1,2 ) and three charged
Higgs bosons (H ± 1,2,3 ). In this context h corresponds to the lightest Higgs boson of the model, whereas the others are generally much heavier. It was shown in Ref. [22] that it is possible to obtain the lightest Higgs boson with a mass up to 120 GeV at tree level but for a 125 GeV Higgs one also needs to consider the radiative corrections to the neutral Higgs sector. The one-loop radiative corrections to the Higgs potential can be calculated using the effective potential approach [26] 
Here M represents the field dependent mass matrices of the particles and Λ is the renormalization scale. As the scalar potential changes with the one loop corrections one needs to recalculate the soft masses which depend also on the particles circulating in the loop. 
Higgs sector with m h ∼ 125 GeV
In this section we show how the different sectors of the TESSM can affect the Higgs self-energies at one loop. For this purpose we consider both the strong sector and the electroweak sector. In MSSM the most significant contributions to the Higgs boson masses can be evaluated using the diagrams containing top and stop, and for large tan β also from bottom-sbottom loop, which correction becomes comparable with the top-stop one. In TESSM these radiative corrections remain the dominant ones but for highly coupled (λ large) TESSM the electroweak sector contributions become non-negligible.
To scan the parameter space we select four different scenarios as given in Table 1 . In these scenarios large mass differences between the third generation squarks or very heavy particles are not needed in order to satisfy the experimental constraints. We fix the third generation squark masses and the triplet soft mass µ T whereas the supersymmetric bilinear mass term µ D and triplet Higgs coupling λ are free parameters. In this analysis we use several values of tan β for each scenario and top mass is taken as 173.2 GeV 1 .
In Fig. 1 we show the allowed region of the parameter space for µ D − λ plane where the lightest Higgs mass remains within 124-127 GeV for Sc1 of Table 1 . It is seen that the desired Higgs mass prefers the µ D < 0 region for this scenario. In Fig. 1(a) radiative are needed to achieve the Higgs mass around 125 GeV. This can be understood from the nondiagonal terms in the stop and sbottom mass matrices,
For small values of tan β, the top-stop contributions to the Higgs mass are important where the mixing in the stop sector is large because of the top mass. Thus non-negligible triplet contribution to the mixing can be achieved as long as λ is large. These triplet contributions can enhance the mixings to raise the Higgs mass to ∼ 125 GeV without having large values of A q and µ D . For large values of tan β the contribution to the Higgs mass from the sbottom sector becomes significant, when the mixing in the sbottom sector is large. The mixing terms proportional to λ and µ D increase with tan β and when these terms get additive, the bottom mixing is further enhanced such that small value of λ is enough to obtain the Higgs mass around 125 GeV. Thus this triplet contribution to the mixing can be sufficient to achieve ∼ 125 GeV Higgs even in the case of the exact cancellations between the A b and µ D terms.
In Fig. 1(b) radiative corrections include only the electroweak (EW) sector. We assume here that the soft gaugino masses are large enough, so that they are decoupled. We are interested to see if the higgsino and so the triplet contribution is enough to have m h ∼ 125 GeV, i.e. we ignore the gaugino contribution and gaugino-higgsino mixing. 2 It is interesting to see that we do have some points where the Higgs boson mass is ∼ 125 GeV, even only from the electroweak corrections as was earlier reported in [22] . These solutions prefer larger values of λ, which implies that a highly coupled triplet scenario is necessary to have large enough electro-weak contribution.
In Fig. 1(c) we consider the radiative contributions coming from both the strong and EW sectors. The generic features remain the same as in Fig. 1(a) where only the strong sector contributes. A close look however points to the fact that the allowed region of parameter space is pushed to smaller values in µ D and larger values in λ compared to Fig. 1(a) . This happens since the minimization conditions change, when both contributions are included. Therefore, the combination of both sectors demonstrates the importance of including all the relevant contributions.
In Fig. 2 the allowed region in µ D − λ plane is plotted for scenario 2 (Sc2) in which µ T is raised to 1.2 TeV for various tan β values. It is seen that for small tan β (=5), the allowed values of λ vary between 0.6-0.9, whereas for large tan β also small values λ(≤ 0.4) are allowed. In Fig. 2 (b) the case with only EW sector contribution at the one-loop level is shown. Similar to Sc1, some solutions for highly coupled Higgs sector (with λ ≥ 0.5) are found. Fig. 2(c) presents the allowed regions when both the strong and EW sectors contribute at one loop level. As figure suggests, the change in the minimization conditions does rule out some of the allowed regions in Fig. 2(a) , but allowed parameter space exists even for λ ≤ 0.2.
In Fig. 3 we consider the case of mt Next we investigate the behaviour of the lightest Higgs mass as we vary the third generation squark masses. It is well known that the radiatively corrected Higgs mass matrix receives the most important corrections from top-stop and bottom-sbottom loops.
These contributions are both proportional to the squark masses and the parameters in the off-diagonal mixing terms (Eqn. 3.1). This is why we consider two different scenarios to see the effect of the squark mass mixing terms on the resulting Higgs mass at one loop where only the strong sector is taken into account. We consider first a scenario where the mixings pink. In both panels we scan the parameter space of weakly and highly coupled cases for small and large tan β i.e. λ=0.1, 0.9 and tan β =5, 50. In Fig. 7(a) we consider the minimal mixing scenario and the black and red points represent the weakly coupled case while the green and blue points stand for the highly coupled case for tan β = 5 and 50, respectively. In Fig. 7(b) we consider the maximal mixing scenario and the color code is exactly the same as in the right panel. Fig. 7(a) shows that when the weakly coupled case In this analysis we only consider the higgsino like charginos and also ignore the gauginohiggsino mixing to be consistent with the analysis in Section 3.
The chargino sector of this model without gaugino-higgsino mixing comprise two higgsino like charginos one of which has a mass ∼ |µ D | whereas the other is around 2|µ T |.
For the further analysis we ignore the |µ D | < ∼ 104 GeV region because of the experimental chargino mass limit ∼ 104 GeV [31] . We take µ T = 1.2 TeV so that only the light chargino contributes to the b → sγ. We also observe that the light chargino is always dominantly doublet so its contribution to the Br(B s → X s γ) will be similar with the one in the MSSM.
Compared to SM, in the case of 2HDM, the only extra contribution to Br(B s → X s γ)
comes from the top-charged Higgs loop, which gives a conservative lower bound to charged
Higgs mass > ∼ 230 GeV [32] . In MSSM this lower bound can go down further due to the cancellation between top-charged Higgs and stop-chargino loops [33] . Similarly, in our case there are possibilities for such cancellations. The difference compared to the MSSM is that the triplet part of the charged Higgses and charginos does not couple to quarks, and thus does not contribute to B s → X s γ decay. 
Allowed parameter space
In this section we consider the constraints coming from the lightest Higgs boson mass band shows the LEP-excluded chargino mass region [31] . The green points in the allowed
Higgs mass band respect the experimental value of Br(B s → X s γ) within ±2σ [35] where only the experimental uncertainties are taken into account.
In Fig. 11 we show the variation of the lightest Higgs mass with µ D for tan β = 5 and GeV. We have investigated the case of mt 1 = 500 GeV for tan β = 50 and found that the chargino contribution is comparable to the SM contribution 4 .
In the case of mt 1 = 1 TeV and tan β = 50 the situation is very different, since the stop-chargino contributions reduce due to heavy stop. Fig. 13 shows that the Higgs mass variations in the weakly coupled case for both the A t > 0 and A t < 0 cases look similar and many points satisfy the Br(B s → X s γ) constraint within ±2σ for A t < 0. In the highly coupled case as well points satisfying the Br(B s → X s γ) constraint are found for A t < 0.
The Br(B s → X s γ) constraint prefers the negative sign of A t over the positive sign for 4 However, the numerical calculation cannot be trusted in this case. One needs α 2 s NLO corrections, which are not currently available in the codes we have used. The problem has been verified with both micrOMEGAs and CPsuperH authors [37] . both the weakly and highly coupled cases. For A t > 0 many allowed points could be found if theoretical uncertainties were taken into account within two sigma.
Conclusions
We have studied the triplet extended supersymmetric model in the context of 125 GeV Higgs. In TESSM the lightest Higgs with m h ∼ 125 GeV, does not strongly constrain the third generation squark masses, the trilinear couplings A q , the supersymmetric bi-linear Higgs mixing term µ D or tan β due to the addition of two triplet parameters: triplet Higgs coupling λ, and triplet mass µ T . We have found that it is possible to achieve m h ∼ 125 GeV even in the minimal mixing scenario for large coupling λ with the third generation quark masses mt ≥ 400 GeV. It was also shown that the sign of µ D depends strongly on the choice of the parameter space in general. When the third generation squark masses are light ∼ 500 GeV, m h ∼ 125 GeV can be achieved as long as µ D < 0. However both signs of µ D are opened for the third generation masses ∼ 1 TeV depending on the value of tan β.
We have analyzed the parameter space in detail by combining the constraints coming from the allowed ∼ 125 GeV Higgs with the constrains from Br(B s → X s γ). We emphasized that it is possible to obtain many allowed points for both signs of µ D and various tan β even when only the experimental uncertainties on the Br(B s → X s γ) are taken into account.
To test the characteristics of the lightest Higgs, one needs to explore all its decay modes. As discussed in the introduction, the mass peak in the Higgs decays can be seen in the decays to H → ZZ and γγ. The other experimentally observed decay modes are Higgs to W W , bb, and ττ . All the branching ratios must agree with a proposed model, but the study of compatibility needs still more statistics. There is also a possibility of the lightest Higgs decaying into lightest neutralino pairs, contributing to invisible decay width of the lightest Higgs boson.
The other neutral Higgses in TESSM remain decoupled for m h ∼ 125 GeV. In TESSM, there are two CP-odd physical neutral Higgses, phenomenology of which is quite interesting.
One has to search for them at the LHC with 14 TeV as we find that they are quite heavy.
There are also two charged Higgses which is very different from MSSM. In particular, the doublet and triplet mixture in the charged Higgs spectrum leads to some interesting collider signatures at the LHC [28] . 
Appendix
The scalar Higgs potential of the TESSM is
where the V F can be obtained from the superpotential in Eqn. (2.2) as
